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APPLICATION OF ZONE LOGIC AND OUTFIT PLANNING CONCEPTS

TO OVERHAUL, MODERNIZATION, AND REPAIR OF U.S. NAVY SHIPS

ABSTRACT

This paper presents the experience
of Puget Sound Naval Shipyard in apply-
ing zone 1ogic and outfit planning con-
cepts to the overhaul, modernization,
and repair of an aircraft carrier, three
cruisers, and  a submarine. Procedures
were developed to involve design, pro-
duction, testing, and material personnel
in the overhaul process from preplanning
through completion of the production
phase, with the resulting synergism and
open communication. The systems
approach was rep1aced with zone by stage
sequenced work packaging with as much
work as possible done off the ship.
Computer Aided Design (CAD) and photo-
grammetry were applied to enhance pre-
planning and off-ship work.

Puget Sound Naval Shipyard’s appli-
cation of zone logic is drawn from the
research managed by the Maritime Admin-
istration’s National Shipbui1ding
Research Program which has introduced
the highly successful scientific ship-
building systems developed in Japan.
In brief, this concept represents a
shift in logic from system to zone
orientation.

INTRODUCTION

Historically, al 1 outfitting work
in naval shipyards has been planned,
scheduled, executed, and tested on a
system by system basis. This method
has developed for several valid reasons
which include:

Cost estimating and accounting
Material estimating
Ship operation and identifica-
tion of problem areas
System testing
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While this method is acceptable and
necessary for some shipyard functions,
it is recognized that when repair work
is actually accomplished it is not done
solely on a system by system basis.
Examination of any ship repair effort
will Show that work accomplishment is
based on several criteria, one of which
is the functional system. Other con-
siderations must include:

Physical location of work
Manpower requirements
Other work required in the same 
location
Similar work required in other
areas
Avail ability of material

These parameters are currently being
considered and resolved by trade general
foremen, with decisions made on a trade
by trade basis when the work is actually
started. Typically, the general foremen
are faced with making these day to day
decisions without knowledge or under-
standing of the overall plan for comple-
tion of the overhaul. This often causes
items to be installed in an improper
sequence which results in unnecessary
rework.

Additionally, manufacturing a n d
installation of numerous outfitting
components have traditionally been
postponed until the hull is available
to the trades to determine their con-
struction requirements. This process
has resulted in relegating outfitting
to a successor function completely
dependent on hull constraints, with the
natural effect of requiring peak manning
and confined outfitting schedules.

Through the application of system
oriented logic to actual work accom-
plishment, there is no allowance for an



objective, analytical examination of the
best possible way to perform work, nor
does it provide a method of feedback to
increase the corporate know1edge of the
shipyard. With the various systems
being considered separately, trades
often occupy space and compete for
access simultaneously which minimizes
the effect of production scheduling and
control, and creates strained channel s
of communication.

In looking at how outfitting work
is actually performed, it is found that
products are produced by procuring and/
or manufacturing parts and joining them
together to create subassemblies. These
subassemblies are progressively combined
to produce a completed operational pro-
duct. It becomes cl ear that the ideal
way to subdivide ship repair and over-
haul work is to focus on the needed
parts, or interim products, that pre-
occupy the worker. Zone outfitting
logic provides a scheme by which work
is subdivided with interim products as
the focal point.

Outfit planning addresses all out-
fitting components within a defined
3-dimensional space, and frees out-
fitting as much as possible from hull
dependence and ship systems control.
This provides the basis for grouping
work into classes or problems so that
common solutions can be applied regard-.
less of product configuration and loca-
tion, and planning installations in a
logical sequence. The result of this
scheme is that it permits most out-
fitting ‘work to be accomplished earlier,
and away from the ship to where it is
safer, cleaner, and resources can be
delivered to the worksite more econom-
ically. Overhaul durations can be
reduced because of simultaneous accom-
plishment and coordination of outfitting
and hull work which will minimize total
shipboard construction time.

A zone is any subdivision of the
planned work which best serves for

organizing information needed to support
outfitting at a particular stage of an
overhaul. A zone might be a compartment
or a portion of a compartment; it could
include an entire superstructure or a
component subassembly. The principle
aspect of a zone is that it represents
a means of dividing a ship’s overhaul
package into manageable, trackable
blocks. Zone outfitting features three
basic stages: on-unit, on-block, and
on-board, coordinated by the “master
bill of erection sequence."

On-Unit

On-unit outfitting is the assembly
of an interim product consisting of
manufactured and purchased equipment
(components). It includes all but a
final coat of paint. A unit is composed
exclusively of outfitting materials
(pumps, motors, mechanical and electri-
cal interfaces, and a common foundation
including false floor ribbing, etc.).
The on-unit outfit planning is separate
from the main hull structure. Units
can be categorized as (a) functional,
(b) geographical, or (c) combination. 

Functional units consist mainly of
components necessary for the operation
of something, e.g., a heat exchanger
assembly. It is generally associated
with one system (potable water and
freshwater units, water distilling unit,
F. O. purifier unit, refrigeration plant
unit, etc.). 

assembled together to insure that they
will fit onboard (pipe, HVAC, or wireway
passage(s) on deck unit, accommodation
unit, engine room unit, etc.).

Combination units include more than
one system built together and lifted to
installation site  (pipe/HVAC/wireway/
machinery/associated foundations, grat-
ing/false floor attachments, handrails,
etc.).
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On-unit outfitting should be given
the highest priority even though there
is some impact on hull construction
progress because assembly is performed
in shops which provide ideal climate,
lighting, and access. Shop work in-
creases the opportunity for improved
safety and higher productivity. Out-
fitting on-unit has less impact on the
progress of hull structure as opposed
to on-block outfitting.

On-Block

On-block outfitting is the installa-
tion of outfit components, or even a
unit, onto a hull structural assembly
or “block” prior to its erection. It
is the next best alternative to out-
fitting on-unit. It includes all
painting except a final coat and that
paint omitted to anticipate welding of
butts and seams. On-block outfitting
requires coordination between hull,
mechanical, ventilation, and electrical
systems supported by material (supply),
planning and estimating, and scheduling.
A “master bill of erection sequence," 
developed by engineering, production,
planning and estimating, and supply. is
controlled by scheduling (via work order
task assignment). This identifies the
sequential road map in which systems
are installed. Engineering lists sys-
tems and components to be involved on-
block and provides the work package;
production assists in the design plan-
ning stage designating the construction
envelope and supports engineering on
preferred design applications; planning
and estimating defines the work packages
by crafts and sequences the construction
flow by landing dates; and material
(supply) has the integral task of coor-
dinating the material flow based on the
“master bill of erection sequence” and
only stages the identified materials
required to support production flow.

On-Board

On-board outfitting includes, and
ideally should be limited to, the con-
nection of units and/or outfitted

blocks, final painting, and test and 
trials. It necessarily includes some
installation of outfit components, in a
hull at a building position or outfit-
ting pier, which cannot be productively
incorporated “on-unit” or “on-block."

Figure 1
The work package acts as a common 1 ink
to integrate work requirements.

One method used to organize infor-
mation to support outfit planning is 
the work package concept. This is a
conceptual approach that allows infor-
mation from design, material, and pro-
duction to integrate so that the various
shipyard departments have a common
understanding of how the ship will be
overhauled. A work package is the com-
mon link to communicate a “build stra-
tegy” so that a definite increment of
work with al located resources needed to
produce a defined interim product is
identified. A work package is al so a
definition of components of the various
funtional systems in a particular zone
at a specified time of repair. This
concept is extremely beneficial for
staging material for delivery to a work-
site. 

Preoutfitting should not be confused
with zone outfitting. Preoutfitting is
usually planned by allocating resources
to activities associated with ships’
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systems in related large structural
sections. Access is improved over con-
ventional outfitting but components are
still installed on a systems basis with
great dependence on hull availability.
Trades still compete for time and space,
using unchanged methods, and material
flow to the worksite is not optimized.
Savings in total mandays and overall
building period are limited because the
only real difference between preout-
fitting and conventional outfitting is
where the work takes place. Preout-
fitting of a very large structural
assembly can be equivalent to outfit-
ting a small ship of equal tonnage by
conventional methods. Zone outfitting
takes the additional step of freeing
outfitting from hull dependence and
systems control.

Puget Sound Naval Shipyard began its
experiment with outfit planning by spon-
soring two-day training seminars to all 
shipyard upper and middle level managers
in May of 1982 and January of 1983.
These seminars provided the necessary
background to gain the shipyard-wide
support needed to successfully carry
out test cases for outfit planning. In
February of 1983, while understanding
that zone outfitting logic applied to
new’ construction, the shipyard Planning
Officer and Production Officer (with
the support of the Shipyard Commander)
called for the establishment of an Out-
fit Planning Group to determine if and
how zone outfitting logic might be
applied to the type of repair/overhaul
work accomplished at Puget Sound Naval
Shipyard.

OUTFIT PLANNING GROUP

Most shipyards that have adopted
zone logic have completely restructured
their organizations to reflect the con-
cept. Since this was an exploratory
project for Puget Sound Naval Shipyard,
and because of its potential far reach-
ing impact on the methods and procedures
used within the shipyard, it was deter-
mined that an Outfit Planning Group with

representation from all shipyard depart-
ments was necessary to ensure total
evaluation. This type of approach gave
the shipyard the best opportunity to
assure familiarity with all problems
and solutions, and gets all departments
involved in the planning and sequencing
of al 1 operations from issue of planning
documents through completed installation
testing.

The Outfit Planning Group formed at
Puget Sound Naval Shipyard consisted of
representation from the following
departments:

- Combat Systems
- Design
- Overhaul Superintendent
- Planning and Estimating
- Plant Engineering
- Production
- Progress
- Scheduling
- SUPPlY
- Test Engineering

With this cross section of ship
repair departments, the integration of
outfit planning to ship repair received
overall review to assure organizational
coordination and agreement. The Outfit
Planning Group became the forum by which
the technical requirements and practical
applications are integrated to develop
a common “build strategy."

As shown in Figure 2, a core group
evolved which had more direct involve-
ment in the daily function of accom-
plishing repair work, and was in an
optimum position to analyze the affects
of zone logic on individual and shipyard
methods. The core group interacted
among themselves, and within their own
departments, to examine, resolve, and
promote the application of new
approaches developed from zone logic.
Corroboration with the periphery depart-
ments is maintained when their special -
ties are involved and at periodic
verification reviews. This process
proved to be reliable by allowing the
smaller group to efficiently operate
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and still sustain total shipyard
involvement. This forum is at all times
tasked to be creative in the analysis
of the technical and manufacturing pro-
cesses to stimulate smarter approaches
during the project evolution.

System Drawing Preparation. In 
accordance with current policy, tradi- 
tional systems drawings are prepared and
provided to the installing activity.

The Outfit Planning Group uses a
unique dual management posture which
reflects the work emphasis shift from
the planning phase to the production
execution phase, and the direct 1 ink
between design requirements and produc-
tion applications. These two leadership
positions are represented by the Design
Division (chairman) and Production
Department (zone manager).
influence of design requirements
paramount in the early planning process,
the chairman leads the Outfit Planning
Group’s efforts in defining work zone
parameters. When the work is identi-
fied, the zone manager then takes the
lead to direct the group’s sequencing
to reflect production needs. During
the transition period between defining
and sequencing, both work together to
adjudicate the exchange of information
between the various departments such
that a fully integrated, zone oriented
build strategy is proceeding. With zone
logic in mind, the chairman is respon-
sible for providing production with a
sequenced work package, and the zone
manager is responsible for executing the
work package. Both are responsible for

Composite Drawing Preparation.
Using the data from the various systems
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drawings, a composite drawing is pre-
pared to delineate all components to be
installed within the defined zone boun-
daries, and existing shipboard compo-
nents to be interfaced. Depending upon 
the complexity of the systems in the
zone, the composite drawing will consist 
of plan views at various levels, and
elevation views of particularly con-
gested areas. This drawing provides a
means to identify and correct potential
interference items while still in the
planning phase. More importantly, it
is used as a tool by the Outfit Planning
Group to trunk systems for the simplest
fabrication and installation sequence.

Composite/System Drawing Analysis. 
The Outfit Planning Group performs a
detailed analysis of the’ drawings to
form an overall profile of the task. 
The analysis includes such items as:

- System requirements
- Trade involvement
- Material requirements
- Testing
- Facility impact
- Certification requirements

assuring all the requirements a n d
methods are coordinated and supported.

In order for the Outfit Planning
Group to assimilate and associate all 
the information to implement zone logic
concepts, a process framework was pre-
pared to operate with. The following
procedure organizes all’ the input
related to the project and generates
the master bill of erection sequence.

- Systems drawing preparation
- Composite drawing preparation
- Composite/system drawing analysis
- Work package identification
- Work package sequence
- Work package instruction



Figure 3
CAD composite depicting layering of equipment

and air conditioning within hull block.

Figure 4
Composite view identifying common work procedure

for onboard site preparation.
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Work Package Identification. During
this phase. the Outfit Planning Group
divides the task into segments of work
in order to focus on the coordinated
interface between planning and produc-
tion requirements. It is at this time
that the various trades provide input as
to their particular methods of accom-
plishing specified tasks. These various
inputs are coordinated and incorporated
through an iterative process to accom-

modate decisions and commitments reached 
to form a final work package definition. 

Work Package Sequence. The Outfit 
Planning Group arranges the work pack-
ages into a logical flow of work which
represents the project build strategy. 
While this function is separate from
work package identification, it is an 
integral element of the iterative deci-
sion making process to arrive at a final
work package.

Figure 5
The work package diagram outlines the
agreed to build strategy. Each work
package is supported by an instruction.



Work Package Instruction. Once the
work packages are identified and
sequenced, the Outfit Planning Group
prepares an instruction for each work
package. This instruction is a synopsis
of the work required to accomplish the
work package and includes such informa-
tion as:

- Work description
- Key shop
- Job order and key op
- Needed resources
- Highlighted sketch

These sheets are assembled into a book,
and issued to the zone manager and
involved trade foremen to be used as a
tool to manage the project resources,
aid the waterfront decision making pro-
cess, and measure project progress.

CASE NO. 1: USS RANGER (CV 61)

The complex overhaul of the aircraft
carrier USS Ranger (CV 61) provided the
first opportunity for Puget Sound Naval
Shipyard to determine how zone outfit-
ting concepts could be adopted. Two
shipalt packages were targeted for anal-
ysis. The areas selected furnished
excellent opportunities to examine a
good mix of systems work in two typical,
but divergent types of overhaul tasks.
The first task involved the construction
and installation of a new deckhouse
which closely resembles new construction
processes (on-unit and on-block); while
the second task accompli shed complete
reoutfitting of an existing space which
represents typical overhaul work (on-
board).

In order to concentrate on zone
logic concept application and provide
reasonable data for evaluation, the Out-
fit Planning Group limited it’s focus to
the specific compartments involved, and
did not attempt to sequence work once a
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system exited the defined tone. On the
other hand, any non-related system
“passing through” the zone was included
in the build strategy.

With all the design, planning, and
production work being accomplished at
Puget Sound Naval Shipyard, the oppor-
tunity to open cross comnunication
between the various departments was
taken. Production Department concerns
and needs were expressed to the design
division so that documents could be
enhanced to aid production methods. At
the same time, design requirements were
being explained to production personnel
to aid their understanding of the pro-
jects. In a few cases, production
personnel were loaned to the Design
Division to prepare the drawings which
were to be used for these tasks.

When the projects were ready for
production to begin, a meeting of all
involved trades was called to explain
the build strategy. General foremen,
foremen, and mechanics were represented
so that all parties would have the same
understanding of how work was to be
accomplished. Each was also encouraged
to provide input that would improve work
sequencing analysis methods for future
work.

Zone 1:
‘house

Close-In Weapon System Deck-

This project consisted of fabri-
cating, outfitting, and attaching a new
24’x26’x8’26-ton deckhouse to the out-
board side of the existing island to
accommodate a new defensive weapon
suite. It required the coordination
and sequencing of 14 various systems,
and integrating these systems with the
hull block construction. Preparation
of the shipboard site was an additional
major element to be incorporated into
the build strategy.



CONCEPTS FUR EVALUATION

HULL BLOCK CONSTRUCTION

ON-UNIT MANUFACTURE

ON BLOCK
MANUFACTURE/INSTALLATION

ONBOARD INSTALLATION

WORK PACKAGING

Figure 6
USS Ranger Close-In Weapon System

Through the use of the composite
drawing, the hull block/outfitting
interface areas were identified and
incorporated in the structural con-
struction phase of the deckhouse to
support subsequent outfitting installa-
tions. Al 1 system penetrations and
underdeck foundation stiffening in the
new structure were detailed on the
structural prefabrication drawing  so
that they could be included during the
initial construction of the deckhouse.
This process allowed for accomplishing
common work procedures regardless of
the particular system and independent
of when that system is to be installed.

As the hull block was being con-
structed, the required manufactured
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components were being fabricated in the
shops using the appropriate system
drawings for details. This opened up
the idea of accomplishing outfit compo-
nent manufacture simultaneous with and
independent from structural fabrication.

Space was provided in the structural
shop to place the deckhouse for outfit-
ting and on-site material laydown during
the on-block phase. In order to coordi-
nate hanger locations, the trades used a
“put-up/take-down” technique to install
hangers so that all welding could be
completed and clear access provided for
thermal insulation application. The
deckhouse was then ready for install a-
tion of the components to proceed
according to the sequence developed.



F i g u r e  7
On-block outfitting of USS Ranger close-in weapon system deckhouse.

Components staged and accessible to trades.

Figure 8
Hangers, brackets, and foundations located and installed.

Structure accessible for insulation application.



It should be  noted that the deck-
house outfitting was 50 percent complete
prior to ship arrival. This illustrates
the impact that outfit planning can have
on overhaul durations. One major factor
that precludes complete outfitting of a
new structure away from the ship is the
allowance necessary for attachment to
the existing structure. For the CV 61
deckhouse, a 24” strip around the
attachment plane was left empty to allow
clearance for welding when the house was
attached to the ship.

At the ship’s arrival the site pre-
paration phase-was accomplished in which
the existing surface was cleared of
interferences and prepared
the new structure.

for accepting
To support the con-

cept of accomplishing as much work in
the shop as possible, photogrammetry was
used to define the contour of the pre-
pared island enclosure bulkhead. The
data from the computer readout was
transferred to the mating edge of the
new deckhouse which allowed the struc-
ture to be trimmed while still in the
shop.

Figure 9
USS Ranger deckhouse transferred to site with outfitting 80 percent complete
and mating edge trimmed. A 24” strip around the mating edge is left clear to
facilitate site installation hot work.
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Forty-four days after the ship's
arrival, the new deckhouse, with
80 percent of the outfitting components
installed, was attached to the existing
ship. The fit-up interface between the
new and existing structures averaged
± 1/16" which allowed production welding
to begin within hours after the initial
lift, and tied up pierside cranes for
only four hours.

After the structure was welded in
place, the remaining outfitting compo-
nents were installed and interfaced with
systems transiting the zone boundary.

Zone 2: Electrical Shop Upgrade

This project involved the complete
reoutfitting of the existing Electric
Shop with updated equipment to improve
shipboard electrical repair capability.
The shop is located on the third deck at
centerline and represented the more
typical type of overhaul work encoun-
tered by a repair facility. Interfacing
of on-unit concepts with existing ship-
board conditions provided the peculiar
challenge of this project. It required
the sequencing of nine different systems
to be modified, and coordination of the
affects of these on the existing sys-
tems.

CONCEPTS FOR EVALUATION

Figure 10
USS Ranger Electric Shop
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With’ this project, the composite
drawing was used to identify the inter-
relationship between the new components
being installed, and the existing com-
ponents being either removed, modified,
or remaining. Preparation of the com-
posite required extensive effort to
correctly delineate the existing system
location and configuration. With the
aid of the composite, a number of system
components that would have normally
been fabricated and routed onboard were

designated for manufacture in the shop
prior to the ship’s arrival.

The concept of on-unit fabrication
of the components was modified by per-
mitting key piece trim allowance to
accommodate final interface alignment
with existing components. This proce-
dure all owed for 90 percent of the par-
ticular run to be fabricated in the shop
with the remaining 10 percent to be
fitted onboard.

Figure 11
Integration of new components with existing systems

requires extensive coordination.
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The Electric Shop task concentrated
on the on-unit and onboard work concepts
of zone logic and emphasized the trade
coordination necessary to support the
planned sequence of removal and instal-
lation. This task had a number of prob-
lems related to Government Furnished
Equipment (GFE), but the ‘shipyard was
in a much better position to identify
impact and coordinate solutions because
it had a definite planned approach for
the production effort.

CASE NO. 2: USS ARKANSAS (CGN 41)

A selected restricted availability
for the cruiser USS Arkansas (CGN 41)
provided an excel lent opportunity for
Puget Sound Naval Shipyard to expand on
the outfit planning concepts initiated
on USS Ranger. The planned availability
is to be a short duration overhaul pri-
marily for the purpose of installing
Tomahawk weapon capability. This pro-
vided the opportunity  to use the zone

logic application to a complete ship
alteration and it’s affect on the
entire ship.

Other variances from the Ranger
task to be considered and evaluated are
the use of systems drawings prepared by
another design agent, and the use of
computer aided design (CAD) to prepare
the composite drawings. Incorporating
these variances into the zone oriented
planning process previously discussed
represents a significant step forward
for Puget Sound Naval Shipyard’s appli-
cation of outfit planning.

The Tomahawk project consisted of
fabrication, outfitting, and installa-
tion of a 40'x12-1/2’x16’ 40-ton equip-
ment module below the main deck;
installation of armored box launchers
on the main deck; and, modification of
various electronic control
throughout the ship. This task profile
offered the ability to expand on new
construction and existing space modifi-
cation techniques began on USS Ranger.



Employing systems drawings prepared
by design agents for use by other ship-
yards’ production department is a situ-
ation that will be contended with more
frequently in the future. The con-
straints of this condition on outfit
planning application is a prime area of
evaluation for the USS Arkansas project.
Methods of introducing production input
to these documents are being examined to
allow timely response and substantial
familiarity of the project for the
installing activity. The Arkansas Out-
fit Planning Group was able to have
some input to the structural prefabrica-
tion drawings, but drawing and produc-
tion schedule compression precluded the
Group’s attempt to influence component
systems drawings to provide a totally
interrelated drawing package reflecting
the build strategy.

The composite drawings used by the
USS Ranger Outfit Planning Group were

 prepared by hand which was Labor inten-
sive and time consuming. In order to
reduce cost and time for composite draw-
ing preparation, the USS Arkansas Outfit
Planning Group initiated the use of CAD
for this effort. Not only was time 
reduced, but because of the “layering”
capabilities of CAD, the flexibility of
the composite drawing was greatly en-
hanced to al low view rotation, enlarge-
ment, and highlighting.

Based upon common work and schedule
problems, the USS Arkansas Tomahawk 
project was divided into two zones. 
The first zone incorporates al 1 work
from the main deck down to the first 
platform at the aft end of the ship, 
which is comprised of the equipment
module and launcher installation. The 
second zone was the interface with the
remainder of the ship and focused on
the electronic spaces being modified.

Fabrication, outfitting, ‘and instal-
lation of the Tomahawk equipment module,
Zone 1, once again offers opportunity to 
examine the complete on-unit, on-block,
onboard outfitting cycle exemplifying 
new construction. The process of
reviewing drawings and involving trade --
and technical personnel to determine a 
common build strategy resulting in the
issue of a work package instruction, was 
continued. On-block outfitting of the 
module was completed, along with phase 
one and two testing, and ready for 
installation when the ship arrived.
Other. on-unit components were al so com-
pleted and staged for installation.
After shipboard site preparation is
completed, the module and new out-
fitting components can be installed,
tested, and turned over to the ship 
within the four-month time f rame
allotted.
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Figure 13
USS Arkansas Tomahawk module in construction.

Structural related outfitting requirements are incorporated.

Figure 14
On-block outfitting of USS Arkansas module allowed for equipment

testing ready for installation at ship's arrival.

-153-



The “spread out” nature of Zone 2
is typical of overhaul/repair work nor-
mally accomplished by the shipyard. In
order to deal with this situation, Zone
2 was divided into subzones to be able
to concentrate on each compartment as
separate but interrelated products.
Since work in these dispersed compart-
ments was limited to installation of
peripheral electronic equipment to sup-

port the Tomahawk module, composites
were not prepared for these subzones.
The use of compartment cards was intro-
duced as a method of packaging work for
each of the compartments. These cards
list al 1 equipment and material require-
ments, material source or location, and
sequencing information to be used in 
conjuction with the work
instruction.

package

Figure 15
Compartment card used to interface material requirements in various compartments.
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CASE NO. 3: SUBMARINE TANK REPAIR

Repair of submarine tanks presents
the opportunity to apply zone logic to
a work process that usually does not
involve installation of new equipment.
The evolution of tank repair work during
a typical submarine overhaul includes
the opening, sandblasting or cleaning,
painting, repair of damage, testing,
and closing of as many as 50 tanks. The
full extent of work necessary is not
known until these tanks are available
for inspection, which eliminates the
use of the on-unit and on-block concepts
of outfit planning. However, through
the analysis of the typical repair
cycle, identification and coordination
of common onboard work processes can be
accomplished.

By taking advantage of the input
from production, design, planning and

estimating, supply, test engineering,
and scheduling the sequencing of work

achieved which provides
proper resources

for the
being at the right

place at the designated time. Through
this group approach, the task resultant
of sequencing tank repairs is:

Identification of repairs early
in the overhaul period
Avoiding trade interference

- Minimizing rework
Reducing duration of the tank
repair process

It is being demonstrated that through
the communication and cooperation of the
Outfit Planning Group, the efficiency
of the submarine tank repair process is
improving and will culminate in a much
improved standard approach which can be
applied to any submarine.
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CASE NO.4: USS LONG BEACH (CGN 9) systems drawing provided. The 
trades also identified their 
prefabrication requirements. 

 The marked SPD’s were collected 

The selected restrictive avail abil-
ity of the cruiser USS Long Beach pre-
sented a new challenge to Puget Sound
Naval Shipyard’s outfit planning experi-
ment. With less than two months between
receipt of off-station prepared systems
drawings and arrival of the ship to
begin installation of Tomahawk systems,
the Long Beach Outfit Planning Group was
faced with developing an overhaul stra-
tegy within a very short time frame.
Based on the experiences of the USS
Ranger and USS Arkansas efforts, the
Long Beach Outfitting Planning Group
recognized that the shipyard was not
yet ready to develop a full Tomahawk
overhaul strategy within the extremely
limited preplanning window given. How-
ever, with the attitude that zone logic
could be still applied, even if only to
a small portion of the project, the
results would be of beneficial.

The group’s efforts quickly focused
on the crew living area directly below
the Tomahawk launcher locations.
Because of considerable structural
changes required to support the laun-
chers, all of the systems mounted to
the overhead needed to be either
replaced  or modified. Because of the
heavy congestion in this area, a compos-
ite was prepared by the design agent to
aid the design effort.

In order to provide a viable
sequence of onboard work, the group
enhanced the use of existing composite
drawings by the following process.

- Developed a structural panel
drawing (SPD) depicting the new
structural configuration of the
crew living space overhead at
1 -1/2“ = 1’-0” scale.

- Gave a reproducable copy of the
SPD to each trade that had work
to accomplish in this area, to
delineate their particular sys-
tem on the drawing based on
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and combined into a single over-
composite to

advantages.

- The resolved composite was then 
used by all trades to coordinate 
hanger locations, which allowed 
the hangers to be installed
without having system
nents available.

compo- 

With the installation sequence thus 
developed and agreed to, the composite  
became the tool by which the zone man-
ager could control the outfitting
installation onboard.

CASE NO. 5: USS TEXAS (CGN 39)

The complex overhaul of the cruiser
USS Texas is furnishing the shipyards
outfit planning experiment with the 
opportunity to expand the work package 
instruction process into a zone prefab 
work package related to a master bill of
erection sequence. Building on the
experiences of the previous outfit plan-
ning projects, the Texas Outfit Planning
Group is making significant inroads on
the way technical information is to be
given to production personnel.

This project involves the ‘installa-
tion of Tomahawk missile capability
similar in scope, but different in
detail from the USS Arkansas project.
Attention is being placed on the pre-
fabrication and outfitting of
46’x2O’xl9’ 125-ton magazine/launcher
module, and reconfiguration of two
electronic control rooms. The elec-
tronic control room portion is desig-
nated as Zone 2, and will use a
compartment card and composite drawing



combination to provide the basic tools
for work analysis, sequencing, and
instruction. The procedures used will
be similar to those previously discussed
as enhanced by the appropriate findings
of the following process.

Major emphasis for the USS Texas
pro jec t  i s  on the magazine/launcher
module, Zone 1, to deliver a more com-
prehensive work ins t ruc t ion  to  the
mechanic in the form of a zone prefab
work *package. This document will con-
sist of numerous individual work
instructions prepared from a complete
CAD model of the module being built
using a sequenced panel method.

The CAD model is being developed
from system drawings provided by another
design agent, and by using the layering
capability of the CAD, each identified
system is easily accessible individually
or collectively. Systems input into the
layered CAD files is being accomplished
through a joint effort between design
and production personnel. Where system
rerouting may take advantage of using
common hangers or improve manufacturing
methods, hand layouts are being pre-
pared by design personnel for review by
the Outfit Planning Group. Once the

rerouting is firm, production personnel
will locate the required hangers. This
new data is then entered into the CAD to
form an optimized CAD composite from
which the graphic portion of the work
instruction is developed.

The work package instruction is being
enhanced by relating work to a sequenced
panel erection process whereby each
structural surface that makes up the
zone is individually developed to
reflect not only the structural members
but also the outfitting components.
These components are further identified
as prefabricated pieces and tracked
through the ordering, fabrication, and
installation processes. With each piece
being identified and tracked, control  
of the erection sequence is more man-
ageable. This method provides for
tracking of a piece from the original
drawing , to 1ocating the material
required, where it is staged, when it
is to be fabricated, which panel it is
a part of, when it is to be installed,
and how it is to be sequenced into the
overhaul strategy. The work instruc-
tions are scheduled and sequenced in
the zone prefab work package to reflect
similar work processes and common manu-
facturing methods.
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Figure 17
Work package instruction
developed into a stand-
alone document to control
and track work in relation
to an erection sequence.
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CONCLUSION

Adoption of zone logic concepts,
developed for new construction projects,
into the naval ship overhaul /repair
process is continually proving its bene-
f i t s , Unlike new construction, over-
haul /repair work adds the necessity of
dealing with exist ing enti t ies  that
must be accounted for when planning new
work. This results in gathering defin-
itive data reflecting existing condi-
tions installed by traditional system
by system thinking, and integrating
into it new work planned with zone logic
concepts. Because of this added com-
plexity factor and the potential. orga-
nizational impact of zone logic, it was
determined that an evolutionary process
of small projects would best serve Puget
Sound Naval Shipyard ’ s venture.

The key factor to the continuing
success of outfit planning at the ship-
yard is the establishment of interde-
partmental groups to examine’, develop,
apply, and evaluate zone logic concepts
for the various overhaul projects. By
concentrating knowledgeable shipyard
resources into one group and providing
the forum for departmental interaction,
levels of mutual respect and trust are
reached which allows the channels of
communication to open, and helps all
members to understand how each is inter-
faced in the total ship overhaul pro-
cess.

A large portion of the outfit plan-
ning projects have been aimed at prefab-
rication and outfitting of large modules
being added to the ships. These types
of projects represent a small portion
of a normal ship overhaul while the
majority of overhaul /repair work takes
place within the existing hull. These
hull modules have been emphasized during
these early stages of the outfit plan-
ning experiment because they represent
a common 1 ink between new construction
and overhaul of existing ships, which
provides the opportunity to become

familiar with zone logic ideas. How-
ever, because of the mix of projects
undertaken thus far, it is evident that
the majority of future routine overhaul/
repair work will concentrate on the
coordinated sequence of on-unit and on-
board outfitting concepts.

By taking advantage of applying the
shipyard’s knowledgeable resources to
analyzing work requirements, developing
an overhaul strategy, and accomplishing
as much work as possible before the ship
arrives, a number of actual and poten-
tial benefits are being realized.

Identifying and coordinating
common trade requirements to
reduce or eliminated accom- 
plishing similar work in the
same area at different times.

Performing component fabrication
and assembly under better, safer
conditions in the shop rather
than onboard the ship where com-
petition for space hinders pro-
ductive efforts.

Work sequencing coordination
which minimizes rework.

Dedicated material staging
areas and tracking methods to
have components avail able when
and where they are needed.

Introduction of advanced tech-
nology procedures such as the
use of photogrammetry and com-
puter aided design.

Perhaps the most significant bene-
fits realized are the involvement of the
Production Department during the plan-
ning phase, and the development of the
work package instruction. By partici -
pating in planning shipchecks and inter-
acting with design personnel,  the Pro-
duction Department gains an improved
understanding of the overall task
requirements. Through this process the
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Planning Department can provide improved
instruct ions to support production
methods. This interaction promotes a
technical /trade teamwork approach to
resolving problems on an equal basis.

I n i t s development f r o m the
USS Ranger project to the USS Texas
project, the work package instruction
has become a powerful tool in using
zone logic. The work package has
evolved into a document that not only
stands alone for the mechanic to accom-
plish his work but it has become the
tool by which other related shipyard
functions can be tracked. Items such
as. manning, scheduling, material, bud-
get, progressing, historical data, and
quality assurance can now have a common
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vehicle through which overhaul projects 
can be managed to reflect actual work
requirements.

Puget Sound Naval Shipyard’s experi -
ences with outfit planning have both
been positive and progressive. The 
change in thinking of identifying and
accomplishing work by application of
zone logic has met resistance with those
who have “grown up” with the traditional
systems approach; however, as each pro-
ject has progressed, response has become
much more favorable as the benefits are
recognized. Step by step, as more
people accept and participate in this
logic change, more ideas are being
injected to improve t h e  s h i p y a r d ’ s  
method of doing business.



Additional copies of this report can be obtained from the
National Shipbuilding Research and Documentation Center:

http://www.nsnet.com/docctr/

Documentation Center
The University of Michigan
Transportation Research Institute
Marine Systems Division
2901 Baxter Road
Ann Arbor, MI  48109-2150

Phone: 734-763-2465
Fax: 734-936-1081
E-mail: Doc.Center@umich.edu


